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2.1. Finite element model 
'XHWRWKHV\PPHWU\RIWKHVWUXFWXUHPDWHULDODQGORDGRIWKHYHVVHORQO\RQHTXDUWHUPRGHOZDVQHFHVVDU\7KH
ILQLWH HOHPHQWPRGHO RI WKH OLQHU DQG WKH ILEHU OD\HU LV VKRZQ LQ )LJ  )RU WKH OLQHU WKH RXWVLGH UDGLXV RI WKH
F\OLQGHURLVPPDQGWKHPLQLPDOWKLFNQHVVhLVPP7KHRXWVLGHUDGLXVRIWKHSROHKROHrLVPP7KHWRWDO
OHQJWK L DQG WKH YROXPH DUH PP DQG / UHVSHFWLYHO\ 7KH ZLQGLQJ VHTXHQFH RI WKH F\OLQGHU ZDV
>RRRRRRR@ )RU WKH KHDG RQO\ KHOLFDO OD\HUV ZHUH ZLQGHG DQG WKH ZRXQG DQJOH Į DQG
WKLFNQHVVtfZHUHFKDQJLQJZLWKWKHUDGLXVRIWKHSDUDOOHOFLUFOHr$FFRUGLQJWRWKHQHWWLQJWKHRU\WKHZRXQGDQJOH
DQGWKHWKLFNQHVVFDQEHGHULYHGIURP(TXDWLRQVDQGLQWKHIROORZLQJ>@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DQG  HOHPHQWV 7KH D[LDO GLVSODFHPHQW FRQVWUDLQW ZDV DSSOLHG RQ WKH HQG IDFH RI WKH SROH KROH DQG WKH WLH
FRQVWUDLQWZDVDSSOLHGRQWKHFRQWDFWVXUIDFHVEHWZHHQWKHOLQHUDQGWKHILEHUOD\HU
2.2. Constitutive model 
7KH OLQHDU VWUDLQKDUGHQLQJ FRQVWLWXWLYHPRGHO LV DGRSWHG IRU WKH OLQHUPDWHULDO 7DOXPLQLXPDOOR\7KH















§ · § ·
 ¨ ¸ ¨ ¸¨ ¸ © ¹© ¹
ILEHUWHQVLRQı 



















VV§ · § ·
 ¨ ¸ ¨ ¸










S S Y S
VV Vª º§ · § ·§ · « »   ¨ ¸ ¨ ¸¨ ¸ ¨ ¸ ¨ ¸« »© ¹ © ¹ © ¹¬ ¼
PDWUL[FRPSUHVVLRQı 
ZKHUH XT DQG XC DUH WKH D[LDO WHQVLOH DQG FRPSUHVVLYH VWUHQJWKV YT DQG YC DUH WKH WUDQVYHUVH WHQVLOH DQG
FRPSUHVVLYHVWUHQJWKVSLDQGSTDUHWKHD[LDODQGWUDQVYHUVHVKHDUVWUHQJWKVĮLVDFRHI¿FLHQWUHSUHVHQWLQJWKHHIIHFW
RIWKHVKHDUVWUHVVRQWKH¿EHUWHQVLRQGDPDJHĮLVWDNHQWREHKHUHııDQGıDUHWKHRQD[LVVWUHVVHVXQGHU











    




   

     





d E d d E






ª   ª º
« »    « »







º ª º« » « »« » « »« » « »« » ¬ ¼¼
 




































35 Q.G. Wu et al. /  Procedia Engineering  130 ( 2015 )  32 – 40 







md DUH WKH GDPDJH YDULDEOHV FRUUHVSRQGLQJ WR WKH IRXU IDLOXUHPRGHV7R DOOHYLDWHPHVK




GDPDJH YDULDEOHV DFFRUGLQJ WR WKH HTXDWLRQV VKRZQ EHORZ $V VHHQ LQ )LJ  eqG LV WKH LQLWLDO HTXLYDOHQW
GLVSODFHPHQWDWZKLFKWKHLQLWLDWLRQFULWHULRQIRUWKDWPRGHZDVPHW feqG LVWKHGLVSODFHPHQWDWZKLFKWKHPDWHULDOLV
FRPSOHWHO\ GDPDJHG 7KH YDOXHV RI eqG IRU WKH YDULRXV PRGHV GHSHQG RQ WKH HODVWLF VWLIIQHVV DQG WKH VWUHQJWK
SDUDPHWHUVVSHFLILHGDVSDUWRIWKHGDPDJHLQLWLDWLRQGHILQLWLRQWKHYDOXHVRI feqG IRUWKHYDULRXVPRGHVGHSHQGRQ
WKH UHVSHFWLYHGcYDOXHVGc FRUUHVSRQGV WR WKH DUHD RI WKH WULDQJOH2$% LQ )LJ ZKLFK UHSUHVHQWV WKH HQHUJ\
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3.2. Determination and discussion of autofrettage pressure 
,QHQJLQHHULQJWKHDXWRIUHWWDJHSUHVVXUHLVORDGHGRQWKHLQVLGHVXUIDFHRIWKHOLQHUDIWHUPDQXIDFWXUHWRLPSURYH
LWVEHDULQJFDSDFLW\DQGUHVLVWDQFHWRIDWLJXH%DVHGRQWKHFRQWLQXRXVGDPDJHFRQVWLWXWLYHPRGHORIFRPSRVLWHDQG










SUHVVXUH´ZHUHFRQGXFWHG)LJVKRZVUHODWLRQVKLSVRI WKHILEHUVWUHVVUDWLRWKH UDWLRRI WKHPD[LPXPSULQFLSDO
VWUHVVLQILEHUGLUHFWLRQXQGHUWKHEXUVWSUHVVXUHWRWKDWXQGHUWKHVHUYLFHSUHVVXUHDQGWKHDXWRIUHWWDJHSUHVVXUH)LJ
 VKRZV UHODWLRQVKLSVRI WKHPD[LPXP0LVHV VWUHVVRI WKH OLQHUDQGDXWRIUHWWDJHSUHVVXUHXQGHU ]HURDQG VHUYLFH
SUHVVXUHV7KHYDOXHRIDXWRIUHWWDJHSUHVVXUHVKRXOGPHHWWKUHHFRQGLWLRQVLQWKHIROORZLQJDFFRUGLQJWRWKH'27
&))&VWDQGDUG>@ILEHUVWUHVVUDWLRVKRXOGEHJUHDWHUWKDQWKHPD[LPDO0LVHVVWUHVVLQOLQHUVKRXOGEH
LQ WKH UDQJH RI  03D WR  03D RI WKHPDWHULDO \LHOG VWUHQJWK DIWHU XQORDGLQJ DXWRIUHWWDJH
SUHVVXUHWKHPD[LPDO0LVHVVWUHVVLQOLQHUVKRXOGEHOHVVWKDQ03DRIWKHPDWHULDO\LHOGVWUHQJWK
XQGHU VHUYLFH SUHVVXUH )URP FRQGLWLRQ  WKH DXWRIUHWWDJH SUHVVXUHZLWK DQGZLWKRXW FRQVLGHUDWLRQ RI GDPDJH
HYROXWLRQVKRXOGQRWEHOHVVWKDQ03DDQG03DUHVSHFWLYHO\IURPFRQGLWLRQWKHDXWRIUHWWDJHSUHVVXUH
ZLWK DQGZLWKRXW FRQVLGHUDWLRQ RI GDPDJH HYROXWLRQ VKRXOG EH JUHDWHU WKDQ 03D DQG 03D UHVSHFWLYHO\
IURPFRQGLWLRQ  WKH DXWRIUHWWDJHSUHVVXUHZLWK DQGZLWKRXW FRQVLGHUDWLRQRIGDPDJHHYROXWLRQ VKRXOGEHERWK
JUHDWHU WKDQ 03D $QDO\VLV UHVXOWV VKRZ WKDW WKH HIIHFW RI GDPDJH HYROXWLRQ RQ WKH GHWHUPLQDWLRQ RI WKH




Relationship between stress distribution of liner and autofrettage pressure 
'XHWRKLJKVWUHQJWKDQGH[FHOOHQWUHVLVWDQFHWRIDWLJXHWKHZHDNQHVVRIWKHYHVVHORIWHQOLHVLQWKHOLQHU8QGHU
]HURDQGVHUYLFHSUHVVXUHVWKHKRRSVWUHVVıșDQGD[LDOVWUHVVızDORQJWKHSDWKLQWKHOLQHUVHH)LJLVVKRZQLQ
)LJV DQG7KHDXWRIUHWWDJHSUHVVXUHKHUH LV WDNHQ WREH03D ,W LV FOHDU IURP WKH ILJXUHV WKDW WKHPD[LPDO
YDOXHRIWKHVWUHVVDPSOLWXGHDSSHDUVLQWKHPLGGOHSDUWRIWKHF\OLQGHUZKLFKLVFRQVLGHUHGWREHWKHGDQJHURXVDUHD
IRU IDWLJXHIDLOXUH7KHKRRSVWUHVVıșD[LDOVWUHVVızPHDQVWUHVVımDQGVWUHVVDPSOLWXGHıa LQ WKHPLGGOHRI WKH
F\OLQGHUXQGHU]HURDQGVHUYLFHSUHVVXUHVDUH OLVWHG LQ7DEOH7KHPLGGOHSDUWRI WKHF\OLQGHU LV LQFRPSUHVVLYH
VWDWH XQGHU ]HUR SUHVVXUH DIWHU DXWRIUHWWDJH DQG WKH KRRS DQG D[LDO VWUHVVHV XQGHU VHUYLFH SUHVVXUH GHFUHDVH E\
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